The purpose of this paper is to show that sliding mode control for the higher order system via reduced order model. control design can also be done via reduced order model. It It has been shown that a sliding mode control designed for the will be also shown that if a sliding mode control is designed reduced order model gives similar performance for the higher .. r order system. The method has been illustrated by numerical from the reduced order model and lf appled to the higher examples.
order system. The method has been illustrated by numerical from the reduced order model and lf appled to the higher examples.
order system by aggregation, it results in sliding mode motion for the high order system. Index Terms-Sliding mode control, order reduction, con-
The brief outline of this paper is as follows: In Section troller simplification II, a brief review on discrete-time sliding mode control is presented. The main result of this paper is included in Section III followed by the illustrative example and simulation results in Section IV. Conclusions are drawn in Section V Variable structure control (VSC) with sliding mode control was first proposed and elaborated in the early 1950's in the II. A BRIEF REVIEW ON DISCRETE-TIME SLIDING MODE Soviet Union by Emelyanov and several co-researchers [1] . CONTROL Since then, VSC has developed and has been the subject The design of sliding mode controller involves designing of vigorous study during the past few years. The concept a switching surface s(k) 0 to represent a desired system of sliding mode control involves achieving desired system dynamics which is lower order than the given plant and then dynamics, by confining the system to a sub-manifold or designing a suitable control, such that any state of the system subspace of the state space on which sliding mode occurs, outside the switching surface is driven to reach the surface in namely, the sliding manifold. Researchers have suggested finite time a variety of approaches to obtain this goal [2] , [3] . The finitertime.
advantage of the sliding mode control over the other control C strategies is that when the system is confined to the sliding x(k + 1) = TX(k) + FTU(k)
(1) manifold, popularly termed as the sliding surface, the system y(k) = Cx(k) is robust, insensitive to parameter uncertainties and external disturbance. The advent of digital computers and samplers in Let, the system be transformed into normal form through a control implementation has broadened the study of discrete-transformation N(k) Tx(k), with the dynamics time systems and the design of control systems in discrete-
time. Recently a few researchers have worked on discrete-time
sliding mode controller design [4] , [5] .
In discrete-time sliding mode control, the control input is A. Switching Plane Design calculated once in every sampling interval and is held constant during this period. Due to the finite sampling frequency, it Consider a sliding surface of the form xT = 0 with the may happen in discrete-time sliding mode that the system state sliding function parameter be of form trajectory is unable to move along the sliding surface. It may
move about the sliding surface, thus giving quasi siding mode motion. Regardless of other advantages, the sliding mode The procedure for sliding surface design [8] can be described controller for any system has a complexity proportional to the as follows. number of states in the system. Hence, for a high order system, The system in Eqn. (2) in normal form, when restricted on the sliding mode controller design is also more complicated. the sliding surface CT= 0, would obey the relationship Model order reduction and the reduced order modeling have received considerable attention in the literature in the last thirty years. However a very few research papers are available which where, z2(k) constitutes the last m states of Nk).
deal with the controller design via reduced order model [6] , Thus, the dynamics of -1 can be represented as [7] . [5] , aims at designing a control so as to satisfy the reaching condition z(k)
Where, [5] for an LTI system in Eqn. (1) and sliding surface for the reduced model given in Eqn. (8), then stable sliding surface s(k) = cTx(k) 0 O, to be of the form s(k) will be stable sliding surface for the high order system As Eqn. (12) is stable by design, eigenvalues of remains n steady-state IS gven by [9] (I -FTl(cTFTl) lCT) A1 will be stable. 26 < 2-q (6) Now let us find the motion around s(k) = CTCax(k) 
The equivalent control is obtained from Eqn. (11) as
Thus the motion around the switching line sx (k) is Thus, the reaching law for the reduced order model in Eqn. [Al 0 (19 is equivalent to the reaching law for the higher order
system. Therefore, it can be concluded that any control that 20 satisfies the reaching law (19) would automatically satisfy the [F1 (CTIT1)-l) [ cTAl 0 ] ±(k) higher order system reaching law (22 The discrete-time control designed for the reduced order system with the sliding mode control for the higher order gaslidingmodemotionforthesystemgiven system Eqn. (1) Figs. (1, 2 and 3) give the evolution of the sliding function,
the control input and the system states of the higher order -CTsgn(cTCaX(k))(20) system. or It can be observed from Fig. (1) that the reduced order control is able to bring sliding mode in the higher order 5.±(k + 1) -J.T.(k) =-qTCTX(k) -ETsgn(c.Yx(k)) (21) system. Fig. (3) shows the convergence of the system states to or origin, thus verifying the stabilizing capability of the reduced order controller. Fig. (2) shows the evolution of the proposed
A method for designing discrete-time sliding mode control for higher order system via reduced order model is presented. 0.08
The sliding mode control design from the reduced order model is expressed in terms of aggregation matrix to construct a 0.06 sliding mode control for the higher order system. It has been proven that sliding mode control designed from the 0.04 reduced order model if applied to the higher order system by aggregation, results in a sliding mode motion for the higher 0.02 order system. 
